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13,  ABSTRACT  (Maximum  200  wordi) 

This  report  summarizes  research  works  on  the  following  areas,  (a)  Measurements  of  cross  sections  for  elect^ron- 
impact  excitation  into  the  metastable  levels  of  argon  and  number  densities  of  metastable  jugon  atoms  have  be^ 
cXpTeted  We  also  measured  tire  disappearance  rates  of  the  metastable  atoms  after  the  electron  beam  is  turned  off 
anTL  observed  decay  modes  are  consistent  with  diffusion  loss,  (b)  Electron-impact  excitation  of  the  vibrational 
levels  of  the  CX  electronic  state  of  the  Nj  molecule  and  the  emissions  produced  by  the  excited  Nj  molecules  ave 
been  studied  -^e  relative  intensities  of  the  various  (V.  v”)  bands  in  the  electron-beam  expenments  are  comp^ed 
with  those  observed  in  a  dc  discharge,  (c)  A  new  novel  method  has  been  developed  utibzing  ma^eto-opucally 
traw^  atoms  as  targets  for  measuring  electron  scattering  cross  sections  and  apphed  to  electron-Rb  scattenng  _  This 
nZ  method  has  advantages  over  the  conventional  methods,  (d)  Further  studies  of  cold  trapped  atoms  have  led  to 
deXment  of  another  novel  technique,  i.e.,  a  new  method  for  measuring  total  electron-impact  ionization  cross 
section  using  trapped  atom  targets.  Application  to  Rb  shows  that  this  new  method  has  advantages  over  the  crossed- 

beam  method. 
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Final  Technical  Report 
(August  1, 1993  -  June  30,  1997) 

AFOSR  Grant  F49620-93-1-0128 

The  research  conducted  under  this  project  were  directed  toward  understanding  collisional 
processes  between  electrons,  atoms,  and  molecules  that  are  important  in  the  atmosphere. 
Specific  research  works  that  have  been  completed  are  described  in  the  following  paragraphs. 

1.  The  work  on  measurements  of  cross  sections  for  electron-impact  excitation 

into  the  metastable  levels  of  argon  and  number  densities  of  metastable  argon 
atoms  has  been  completed.  We  have  obtained  both  the  apparent  excitation 
cross  section  and  direct  excitation  cross  sections  for  electron-impact  excitation 
into  the  3pMs  metastable  levels  (ISj  and  Is,  in  Paschen’s  notation)  of 

argon.  The  number  densities  of  the  metastable  atoms  are  measured  by  means 
of  a  transient  laser-induced  fluorescence  (LIF)  technique.  This  technique  is 
also  used  to  determine  the  disappearance  rates  of  the  metastable  atoms  after 
the  electron  beam  is  turned  off.  Two  distinct  decay  modes  are  found  and  the 
observed  behaviors  are  consistent  with  calculations  based  on  diffusion  theory. 

2.  Absolute  optical  emission  cross  sections  have  been  measured  for  the  second¬ 
positive  band  system  of  N^,  C^n„(v’)  — >  B’  FIjCv”),  for  v’  =  0,  1,  2,  3,  4  and  v” 
as  large  as  9  produced  by  electron  impact  with  the  nitrogen  molecule  for 
incident-electron  energies  from  threshold  up  to  600  eV.  The  relative  cross 
sections  for  each  v’  family  are  in  good  agreement  with  the  theoretical  values. 

The  measured  optical  emission  cross  sections  enable  us  to  determine  apparent 
excitation  cross  sections  for  the  v’  =  0, 1,  2,  3, 4  vibrational  levels  of  the 

C  electronic  states.  A  comparison  of  these  apparent  cross  sections  with 
the  relative  direct  excitation  cross  sections  predicted  by  the  Franck-Condon 
principle  suggests  that  the  population  of  the  C^n„  state  in  an  electron-beam 
experiment  for  the  v’  =  0,  1  and  2  levels  is  primarily  due  to  direct  excitation 
with  minor  contributions  from  cascade.  For  the  v’  =  3  and  4  levels,  the  direct 
excitation  cross  sections  are  much  smaller  so  that  a  larger  percentage 
population  is  attributed  to  cascade.  The  relative  intensities  of  the  various  (v’, 
v”)  bands  in  the  electron-beam  experiments  are  also  compared  with  those 
observed  in  a  “dc”  discharge.  The  relative  total  emission  ratio  for  the  v'  =  0, 

1,  2  levels  in  the  discharge  tracks  very  closely  to  the  results  of  the  electron- 
beam  experiment,  but  large  discrepancy  is  seen  for  the  v'  =  3,  4  levels.  These 
observations  are  important  for  understanding  the  population  mechanisms  for 
the  various  vibrational  levels  of  the  C-state  (electronic)  in  a  dc  discharge. 

3.  A  new  novel  method  has  been  developed  utilizing  cold  magneto-optically 
trapped  atoms  as  targets  for  measuring  electron  scattering  cross  sections.  In 
our  experiment  ultracold  Rb  atoms  are  held  in  a  magneto-optical  trap  at  a 
temperature  about  0.1  mK  with  10''  atoms  inside  a  sphere  of  diameter 
approximately  0.5  mm.  The  trap  (which  consists  of  the  cooling  lasers  and  the 


,DnC  QUALITli  li-JSPBCTED  3 


inhomogeneous  magnetic  field  to  keep  the  trapped  atoms  inside  the  small 
sphere)  is  turned  off  and  a  short  electron-beam  pulse  is  passed  through  the 
trapped  atoms.  When  an  electron  is  scattered  by  a  Rb  atom,  the  recoil  velocity 
of  the  latter  enables  it  to  escape  the  trap.  Thus  by  measuring  the  fractional 
loss  of  the  Rb  atoms  due  to  electron  beam  bombardment,  we  determine  the 
total  electron  scattering  cross  section  (including  elastic  and  inelastic).  After 
the  electron  beam  pulse  is  over  we  allow  a  delay  time  to  lapse  before  turning 
the  trap  back  on  so  that  even  atoms  with  a  small  recoil  velocity  have  enough 
time  to  escape  the  trap.  The  fractional  loss  rates  are  measured  with  and 
without  the  electron  beam,  and  their  difference  gives  the  fractional  loss  rate 
due  to  electron  collision.  The  experiment  is  repeated  using  an  increasingly 
larger  delay  time  until  we  reach  an  asymptotic  value  of  the  fractional  loss  rate 
which,  upon  divided  by  the  electron  beam  current  density  and  multiplied  by 
the  electronic  charge,  gives  the  total  electron  scattering  cross  section.  We 
have  used  this  method  to  measure  the  total  electron  scattering  cross  sections 
for  Rb  atoms  in  the  energy  range  of  7-500  eV.  This  new  method  has  many 
advantages.  The  cross  section  depends  on  the  fractional  loss  rate,  but  not  the 
absolute  loss  rate.  Thus  only  relative  atom  number  measurements  are  needed. 
This  point  is  important  because  the  atom  number  density  is  difficult  to 
measure  for  alkali  atoms.  Another  advantage  becomes  apparent  if  we 
compare  this  method  with  the  crossed  beam  method  where  an  electron  beam 
intersects  an  atomic  beam  and  the  cross  section  is  determined  by  measuring 
the  number  of  electron  scattered  at  various  angles.  The  crossed  beam  method 
is  not  suitable  for  small  angle  scattering  because  it  is  difficult  to  distinguish 
the  nearly  forward  scattering  from  the  incident  beam.  This  problem  is  avoided 
in  our  new  method  of  using  trapped-atom  targets.  Here  once  we  have  reached 
the  asymptotic  value  of  the  fractional  loss  rate,  we  know  that  scattering  at  all 
angles  (including  the  forward  scattering)  is  included  in  the  result. 

4.  We  have  further  explored  the  use  of  trapped  atoms  as  targets  for  studying 
electron-atom  collisions.  This  results  in  another  novel  development,  i.e., 
development  of  a  new  method  for  measuring  absolute  total  electron-impact 
ionization  cross  sections  using  a  magneto-optical  trap  to  hold  the  target 
atoms.  In  this  experiment  Rb  atoms  are  cooled  and  confined  to  a  small  sphere 
(cloud)  of  about  0.5  mm  diameter  by  a  magneto-optical  trap.  The  trap  is 
momentarily  turned  off,  and  a  pulsed  electron  beam  is  passed  through  the 
trapped  atoms.  The  trap  is  turned  back  on  immediately  after  the  electron  beam 
pulse.  The  Rb  ions  produced  by  electron-impact  ionization  do  not  respond  to 
the  cooling  lasers  and  escape  the  trap  whereas  the  non-ionized  scattered  atoms 
are  recaptured  and  returned  to  the  trapped  cloud.  The  total  ionization  cross 
section  is  completely  determined  by  the  fractional  loss  rate  of  the  trapped 
atoms  and  the  electron  beam  current  density  at  the  location  of  the  trapped 
cloud.  We  have  used  this  new  method  to  measure  the  total  ionization  cross 
sections  of  Rb  atoms  at  energies  from  50  eV  to  500  eV.  This  new  method  has 
several  advantages:  (i)  No  absolute  measurement  of  the  number  of  trapped 
atoms  is  needed  since  the  cross  section  is  dictated  by  the  relative  loss  rate. 


(ii)  Since  the  trapped  cloud  is  much  smaller  than  the  electron  beam,  only  the 
electron  current  density  at  the  trapped  cloud  is  relevant  avoiding  the  difficult 
task  of  measuring  the  overlap  of  the  profile  of  the  electron  beam  with  the 
profile  of  the  atom  beam  hence  eliminating  a  major  source  of  difficulty  in 
previous  experiments.  Indeed  ionization  cross  sections  reported  by  different 
groups  have  shown  considerable  variation  and  our  technique  provides  a  new 
approach  to  resolve  discrepancies  in  these  measurements. 
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